with the normal electrode. From the IV curves of the stacks we identified the development of a Josephson junction right on the surface with much weakened Josephson coupling, which was directly related to the suppressed superconductivity in the surface conduction layer.
The tunneling IV curve and the c-axis resistive transition R(T ) of the stacks supported the existence of predominant d x 2 −y 2 symmetry in the CuO 2 double layers including the one at the crystal surface. The temperature dependence of both the critical current (I ′ c ) of this weakened "surface junction" and that (I c ) of the "inner junctions" embedded under the surface junction did not follow the Ambegaokar-Baratoff relation. layer resulted from the change in the surface boundary conditions rather than material degradation of the surface layer itself, which is believed to occur in an unprotected surface of a HTSC material.
II. EXPERIMENT
BSCCO-2212 single crystals were grown by solid-state-reaction method. Powders of Bi 2 O 3 , SrCO 3 , CaCO 3 , and CuO were mixed, thoroughly ground, and heat treated in an alumina crucible. The mixing molar ratio of Bi:Sr:Ca:Cu was 2.3:2:1:2. During the crystal growth process, a constant oxygen gas was provided and a temperature gradient of about 5
• C/cm was set up across the diameter of the crucible to enhance the growth rate. Platelets of as-grown single crystal with typical size of 0.7×0.2×0.03 mm 3 were glued on MgO substrates using negative photoresist (OMR-83) and were cleaved with Scotch-brand tape until optically smooth surfaces were obtained. Upon cleaving a BSCCO-2212 single crystal a 500-Å-thick layer of Au was thermally deposited on the top of the crystal to protect the surface from contamination during further fabrication process as well as to obtain a clean interface between the normal electrodes and the BSCCO-2212 single crystal. Stacks of size 25×35×0.015 µm 3 were then patterned using the conventional photolithography with pos-itive photoresist (Microposit 1400-23) and the Ar-ion-etching technique. Further details of the sample fabrication are described elsewhere.
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Temperature dependence of the c-axis resistance R(T ) of a stack was measured by conventional lock-in technique and the IV data were taken using a dc method for two different stacks #E and #F, which were fabricated simultaneously on the same crystal surface. Contact configurations are shown in Fig. 1(a) . All measurements were done in a three-terminal configuration using low pass filters connected to each measurement electrode. The bias current was fed to the stack #E (#F) through the electrodes E and A (F and A) while the voltage was taken between the electrodes E and F (F and B). Three-terminal configuration was adopted to probe the surface junction by intentionally including the potential drop across the surface layer.
III. RESULTS AND DISCUSSION
In a three-terminal configuration, the c-axis resistance of a stack consists of the tunneling resistance of the stacked intrinsic tunnel junctions (R stack ), both the one at the surface and the one(s) under the surface, and the contact resistance (R c ) between the Au electrode and the BSCCO-2212 single crystal including the resistance of the Au electrode itself. We present all of our data below with R c (≃1.7 Ω) subtracted, assuming that R c is temperature independent and ohmic. The assumption is justified by the fact that the contact resistance decreases progressively as the number of junctions involved increases, which may be related to the nonequilibrium effect. 10 The critical current I c in our samples turned out to be larger by a factor than that reported previously by others, 2,3,5,10 which may have resulted in a larger nonequilibrium effect. All the multiple branches beyond I c exhibit large hysteresis, which is a characteristic of an underdamped junction.
In Fig For the samples we tested in this study, the value of T Recently, in the IV curve of a stack fabricated on a BSCCO-2212 crystal in the same way as used in this study, Kim et al. observed zero-current-crossing voltage steps 12 in the resistive state of the WJJ at voltages of nhν/2e (n is an integer and ν is the frequency of the rf excitation) with ∼90 GHz rf excitation. It is a strong evidence that the junction of the weakened coupling forms a single Josephson junction.
In Fig. 2 (b) we compare the behavior of the quasiparticle branch of the WJJ with the results of numerical calculation. The IV curve was calculated using the expression
where R n is the normal-state tunneling resistance and f (E) the Fermi distribution func-tion. As for the quasiparticle density of states N(E) we used the expression for the d x 2 −y 2 symmetry 3,5,13 as surface. The location of the WJJ on the surface has also been ascertained by measurements using in situ thickness control of a stack by Doh and Lee. 9 The authors observed that the tunneling characteristics of the WJJ appeared prior to the appearance of any other multiple branches in the IV characteristics.
As to the cause of the order parameter suppression, we pay attention to the fact that the layer was significantly suppressed. Fig. 3(a) shows the temperature dependence of the c-axis tunneling resistance R(T )
for the stacks #E and #F with the measurement configuration as illustrated in Fig. 1(a) .
Although the stacks #E and #F were fabricated simultaneously on the same crystal surface, the resistance of the stack #F, just above T c (≃90 K), is about a factor of two larger than that of the stack #E, presumably because the voltage for the stack #F was across more junctions [including the ones in the larger base as illustrated in Fig. 1(a) ] than for the stack #E. Nonetheless, the R(T ) data below T c for both stacks #E and #F merge to a single curve, Fig. 2(b) . We used the normal-state tunneling resistance R n (=1.55 Ω) as the fitting parameter, which is reasonably close to the value R n =2.3 Ω used in the IV -curve calculations [ Fig. 2(b) ]. Below T c , the calculated R(T ) curve (dotted line) shows almost the same curvature and fits rather well to the measured R(T ) data of both stacks.
Also, illustrated in Fig. 3 
